Abstract
Introduction
It has now become possible to treat deep-seated tumors with charged particle radiotherapy. Negative pions are particularly attractive for this application as the Bragg peak at the end of their range is enhanced by the disintegration of the nuclei into which the negative pions are captured. This results in a large ratio of dose at the end of the range (at the tumor) to that delivered to healthy tissue through which the particles pass in reaching the tumor. Interest in radiotherapy using negative pions has recently been stimulated by estimates of the ?r-fluxes expected at the Los Alamos Meson physics Facility (LAMPF) when it corrss into operation and presently available at the AGS.
The only published measurement of the production of negative pions wfth momentum below 500 MeV/c at a multi-GeV accelerator is that of Fitch, Meyer and Pirouda who obtained .09 and .05 n-per steradian per GeV/c per circulating proton produced at 45O and 90' respectively, relative to the beam incident on the internal target at the AGS. More recently a measurement of 200 MeV/c F-production has been made at the AGS at 18.8O to the internal targets which gave a production of . 1 -.4 n-per steradian per GeV/c per interacting proton.
No data exist regarding the enhancement of lowenergy pion production by nuclear cascade although the effect is expected, and the expectation is supported by a Monte Carlo calculation'. A 200 MeV/c spectrum for loo production by 6 GeV/c protons is shown in Fig. 3. Table I indicates the matrix of proton and pion momenta studied along with target information. The 997 © 1973 IEEE. Personal use of this material is permitted. However, permission to reprint/republish this material for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers or lists, or to reuse any copyrighted component of this work in other works must be obtained from the IEEE.
Data and Analysis
data is tabulated in Figure  6 shows that for 6-in. Cu target, pion yield increases with both pion momentum and incident proton momentum.
In order to extrapolate to higher AGS energies, smooth curves were drawn through data points for 6, 12, and 17 GeV/c incident proton momenta and then the yield was plotted as a function of proton momentum as shown in Fig. 7.
It was then extrapolated linearly to 30 GeV/c. 
